Individuals with disorders that include psychotic symptoms (i.e. psychotic disorders) experience broad cognitive impairments in the chronic state, indicating a dimension of abnormality associated with the experience of psychosis. These impairments negatively impact functional outcome, contributing to the disabling nature of schizophrenia, bipolar disorder, and psychotic depression. The robust and reliable nature of cognitive deficits has led researchers to explore the timing and profile of impairments, as this may elucidate different neurodevelopmental patterns in individuals who experience psychosis. Here, we review the literature on cognitive deficits across the life span of individuals with psychotic disorder and psychotic-like experiences, highlighting the dimensional nature of both psychosis and cognitive ability. We identify premorbid generalized cognitive impairment in schizophrenia that worsens throughout development, and stabilizes by the first-episode of psychosis, suggesting a neurodevelopmental course. Research in affective psychosis is less clear, with mixed evidence regarding premorbid deficits, but a fairly reliable generalized deficit at first-episode, which appears to worsen into the chronic state. In general, cognitive impairments are most severe in schizophrenia, intermediate in bipolar disorder, and the least severe in psychotic depression. In all groups, cognitive deficits are associated with poorer functional outcome. Finally, while the generalized deficit is the clearest and most reliable signal, data suggests specific deficits in verbal memory across all groups, specific processing speed impairments in schizophrenia and executive functioning impairments in bipolar disorder. Cognitive deficits are a core feature of psychotic disorders that provide a window into understanding developmental course and risk for psychosis.
Introduction
Psychosis refers to the experience of delusions, hallucinations, and thought disorder. In the context of disorders that almost always or often include psychotic symptoms, such as schizophrenia and bipolar disorder, psychotic symptoms are significant enough to cause distress or functional impairment. However psychotic experiences occur on a spectrum. There is evidence that approximately 20% of individuals in the general population have subtle psychotic-like experiences (van Os et al. 2009) , while approximately 2-5% meet criteria for schizotypal personality disorder (Chemerinski et al. 2013 ), a disorder characterized by magical thinking, ideas of reference, and perceptual aberrations that do not rise to the level of primary psychosis. In recognition of mental illness as continuous in nature, the NIMH put forth Research Domain Criteria to conceptualize and research aspects of psychopathology through a dimensional lens (Insel et al. 2010) . Under the research domain criteria framework, questions arise regarding whether associated features of psychosis, such as cognitive dysfunction, also occur along a spectrum. Cognitive dysfunction represents an excellent opportunity to assess dimensional characteristics of mental illness, as cognitive impairment is present in individuals with putatively Bdistinct^mental disorders that share the feature of psychosis. While research domain criteria does not directly address the trajectory of phenotypic dimensions, a fact recently critiqued (Mittal and Wakschlag 2017) , understanding the timing of cognitive impairments in psychosis contributes to a richer understanding of its etiology. Examining the time course of cognitive impairment in psychotic disorders also allows for assessment of differential trajectories, introducing an opportunity to test questions of dissociation. In the spirit of research domain criteria, and with an eye towards future neurodevelopmental investigations, we present a review of broad cognitive dysfunction across the psychosis spectrum, across the life course.
Although not a symptom of psychotic disorders, cognitive dysfunction is a core feature of illnesses that include psychotic symptoms. From the definition of schizophrenia as dementia praecox (Kraepelin 1919) , cognitive deficits have been identified in individuals in the chronic states of illness. Despite the co-occurrence of cognitive deficits with psychosis, antipsychotic medications do not improve cognitive impairment (Nielsen et al. 2015) . In fact, anti-psychotics demonstrate minimal efficacy in improving daily functioning, and research suggests that functional impairment is most strongly associated with cognitive impairment, not severity of psychotic symptoms (Velligan et al. 1997) . Therefore, cognitive deficits represent an important target for improving the lives of patients suffering from psychotic disorders.
The relevance of understanding cognitive impairment is further highlighted when considering its presence early in the disease course. While psychotic symptoms typically emerge between ages 18 and 25, cognitive deficits are observed much earlier on in the lifespan of those who go on to develop schizophrenia (Cornblatt et al. 1999 ). This suggests that cognitive deficits are a marker of abnormal neurodevelopment, especially within the context of genetic risk and early developmental insults (Rapoport et al. 2012 ). While schizophrenia is often considered a neurodevelopmental disorder, researchers continue to debate this model in bipolar disorder, which some evidence suggests is neurodegenerative in nature (Goodwin et al. 2008) . Therefore, understanding the timing, specificity, and severity of cognitive deficits in psychotic disorders creates a window into brain function across the life span. In this review, we examine the data on cognitive functioning across the life course of individuals who experience psychosis, starting with available data on premorbid cognition, and then considering individuals at ultra-high risk for developing psychosis, firstepisode psychosis, and finally the chronic state. We work to uncover the current landscape of research on cognitive dysfunction in psychotic disorders, and briefly discuss implications for functional outcome, treatment, and developmental course.
Cognitive Functioning in Schizophrenia Premorbid Cognitive Function in Schizophrenia
There is a general consensus that children and adolescents exhibit premorbid cognitive impairments prior to the onset of schizophrenia. As will be detailed in this section, this consensus follows decades of empirical research documenting both general (e.g., IQ) and specific (e.g., processing speed) impairments in individuals that later develop schizophrenia. Consistent with premorbid impairments, first-degree relatives also show cognitive impairments (Ivleva et al. 2012; Keri et al. 2001; McIntosh et al. 2005; Niendam et al. 2003) , and the presence of psychosis in a first-degree relative increases the severity of childhood premorbid impairment in schizophrenia (Seidman et al. 2013) . Despite the consistency of research regarding premorbid cognitive impairments in schizophrenia, there is less consensus regarding their exact nature (i.e., which cognitive domains show premorbid impairments specific to schizophrenia) and course.
General Cognitive Impairments Children and adolescents who later develop schizophrenia show deficits in general cognitive abilities (Fig. 1) . Consistent IQ deficits are observed among individuals who subsequently develop schizophrenia (Aylward et al. 1984; Daban et al. 2006; Dickson et al. 2012; Khandaker et al. 2011; Mollon and Reichenberg 2017; Woodberry et al. 2008) , with evidence that risk for schizophrenia increases by 3.7% for every one point decrease in IQ (Khandaker et al. 2011) . Premorbid reduction in IQ has a medium effect size (Khandaker et al. 2011; Woodberry et al. 2008) , which translates to a premorbid IQ deficit of around 8-10 points (Mollon and Reichenberg 2017; Seidman et al. 2013) . This is approximately half of the deficit seen in first-episode and chronic schizophrenia patients (Reichenberg and Harvey 2007) . In terms of the relationship between premorbid school achievement and schizophrenia, poor premorbid school performance is generally associated with increased risk for schizophrenia (Crow et al. 1995; Fuller et al. 2002; Kendler et al. 2016; MacCabe et al. 2008; Strauss et al. 2012; Watt and Lubensky 1976) . However, one metaanalysis found that children who later develop schizophrenia do not show deficits in premorbid academic performance (Dickson et al. 2012) , and other research has pointed to intact early school functioning but later difficulties in schooling that are associated with severity of symptoms (Helling et al. 2003 ) and poorer outcomes (Cannon et al. 1999; Ang and Tan 2004) . Therefore, early premorbid cognitive function in schizophrenia appears to be associated with some functional impairment, as measured by academic performance, but this may only become apparent later in schooling with increased severity of symptoms.
Specific Cognitive Impairments
In addition to generalized cognitive impairments in terms of IQ and academic achievement, specific premorbid impairments exist in a number of cognitive domains (Heinrichs and Zakzanis 1998; Daban et al. 2006; Mesholam-Gately et al. 2009; Trotta et al. 2015) . These domains include attention (Cannon et al. 2006; ErlenmeyerKimling et al. 2000; Cornblatt et al. 1999; Kern et al. 2011; Welham et al. 2010) , memory (MacCabe et al. 2013; Erlenmeyer-Kimling et al. 2000; McIntosh et al. 2005; Meier et al. 2014; Reichenberg and Harvey 2007) , reasoning (Addington and Addington 2005; Niendam et al. 2003; Reichenberg et al. 2010; Reichenberg and Harvey 2007; Reichenberg et al. 2002; Tiihonen et al. 2005; Welham et al. 2010) , and executive functioning (Cannon et al. 2006; Meier et al. 2014; Reichenberg and Harvey 2007) .
There is also considerable support for premorbid impairments in processing speed (McIntosh et al. 2005; Kern et al. 2011; Bachman et al. 2010; Seidman et al. 2013; Meier et al. 2014; Niendam et al. 2003) , consistent with research indicating a processing speed impairment across the course of schizophrenia, including in prodromal, first-episode, and chronic phases of the illness (Heinrichs and Zakzanis 1998; Mesholam-Gately et al. 2009; Seidman et al. 2010 Seidman et al. , 2013 . Meta-analysis of cognitive performance in almost 2000 chronic patients, for instance, demonstrates that digit symbol coding ability is significantly more impaired than episodic memory, executive functioning, and working memory ability, suggesting processing speed as one of the most sensitive areas of cognitive impairment in schizophrenia (Dickinson et al. 2007) . One hypothesis for why tasks like digit symbol coding are so sensitive to impairment is their reliance on multiple aspects of cognition, particularly executive functioning, verbal fluency and memory (Knowles et al. 2015; Keefe and Harvey 2015) . In the premorbid state of schizophrenia, processing speed impairments are therefore multifaceted, both relying on other areas of cognition that are impaired and potentially contributing to, or interacting with, deficit development of the host of cognitive impairments seen in later stages of the disorder, such as verbal abilities (Brebion et al. 2006) .
Verbal abilities are consistently associated with premorbid impairments (Mollon and Reichenberg 2017; Parellada et al. 2017) , particularly receptive language (Addington and Addington 2005; Reichenberg et al. 2002; Seidman et al. 2013; Cannon et al. 2002; Jones et al. 1994; Kremen et al. 2010; Meier et al. 2014; Niendam et al. 2003; Welham et al. 2010) . For example, children later diagnosed with schizophrenia exhibit receptive language impairments in childhood, which predict psychotic symptoms at age eleven (Cannon et al. 2002) . Among children with receptive language disorder diagnoses, 10% later developed schizophrenia (Howlin et al. 2000) , consistent with an early deficit in receptive language as a risk-factor for schizophrenia.
Neurodevelopment Model of Cognitive Impairments
Premorbid cognitive deficits support the neurodevelopmental model of schizophrenia, which posits that the earliest signs of the disorder are mild abnormalities in cognitive development (Mollon and Reichenberg 2017; Murray and Lewis 1987; Weinberger 1987) . This model conceptualizes cognitive dysfunction in schizophrenia as aberrant neurodevelopment during the first two decades of life (Bora 2015; Dickson et al. 2012; Khandaker et al. 2011; MacCabe et al. 2013) , with Effect size estimates based on studies presented in this review (e.g. Mollon and Reichenberg 2017; Seidman et al. 2016; Heinrichs and Zakzanis 1998; Mesholam-Gately et al. 2009; Daban et al. 2006; Hill et al. 2013; Martinez-Aran et al. 2004; Schatzberg et al. 2000) . No data is currently available for premorbid or ultra-high risk psychotic depression. Childhood+ = children who develop disorder; UHR+ = ultra high risk individuals who develop disorder deficits in the acquisition of cognitive abilities compared to normative individuals (Bora and Pantelis 2015; Kremen et al. 1998; Reichenberg et al. 2010) . The presence of cognitive deficits years prior to the onset of psychotic symptoms suggests that cognitive dysfunction is at the core of schizophrenia, with abnormal neurodevelopment manifesting through performative lag as early as preschool age (Seidman and Mirsky 2017) . As outlined elegantly by Kahn and Keefe (2013) , multiple lines of evidence converge on the notion that schizophrenia is a cognitive illness that is neurodevelopmental in nature: cognitive deficits exist prior to psychosis onset, cognitive ability is influenced by genetics, and cognition is an independent predictor of functional outcome (Kahn and Keefe 2013) . Furthermore, despite the vast heterogeneity in symptom profiles of schizophrenic patients, an estimated 98% of schizophrenia patients have lower cognitive functioning than expected based on their mother's education level (Keefe et al. 2005) . Cognitive impairment early in illness is therefore a critical piece of evidence for abnormal neurodevelopment and should be considered a core feature and risk-factor for symptom manifestation later in life (Seidman and Mirsky 2017) .
While the presence of premorbid cognitive impairment in schizophrenia is well-described, there are mixed findings regarding the nature of this aberrant neurodevelopment, including whether schizophrenia is associated with static premorbid deficits versus increasing cognitive deficits prior to the onset of the disorder. There is some evidence for static deficits (Cornblatt et al. 1999; Crow et al. 1995; Jones et al. 1994) , including in attention (Cornblatt et al. 1999 ) and verbal abilities (Meier et al. 2014; Reichenberg et al. 2010 ). Yet the majority of research shows increasing cognitive deficits prior to the onset of schizophrenia, especially immediately prior to the onset of the disorder (Lewandowski et al. 2011b; Mesholam-Gately et al. 2009; Mollon and Reichenberg 2017; Parellada et al. 2017) . One hypothesis helping to explain these discrepant findings is that verbal deficits may emerge early and remain static during childhood, contribute to an increasing impairments in non-verbal abilities in adolescence, with these non-verbal deficits further exacerbating verbal deficits during adolescence (Mollon and Reichenberg 2017) . Schizophrenia is largely associated with premorbid deficits in the acquisition of cognitive abilities during neurodevelopment (Bora 2015) , as opposed to the loss of previously acquired cognitive abilities, indicating these deficits increase in severity throughout development (Mollon and Reichenberg 2017) .
Schizophrenia: Ultra-High Risk
Prior to first-episode psychosis, prediction of who will develop a primary psychotic disorder remains elusive. However, researchers have identified markers of increased risk. These individuals, often referred to as ultra-high risk, clinical high risk, or prodromal, are identified through dimensions of attenuated psychotic symptoms and/or familial risk. Approximately 13-23% of individuals meeting these ultrahigh risk criteria convert to psychosis within two years (Bechdolf et al. 2010; Lemos-Giraldez et al. 2009; Seidman et al. 2016) . Identification of ultra-high risk individuals in longitudinal studies allows for a particularly rich comparison of neurocognitive function in those who do and do not convert to psychosis, providing a window into the functioning of those at the highest risk.
Ultra-High Risk Compared to Healthy Controls Based on a multitude of studies, there is reliable evidence that ultra-high risk individuals are globally cognitively impaired when compared to a normative sample (Fusar-Poli et al. 2012; Hawkins et al. 2004; Keefe et al. 2006; Simon et al. 2007 ). At-risk participants demonstrate deficits in working memory, executive function, verbal fluency, attention, and memory (Hawkins et al. 2004; Keefe et al. 2006; Seidman et al. 2016) . In a metaanalysis, general intelligence and all cognitive sub-domains, with the exception of processing speed, were found to be impaired in ultra-high risk participants (Fusar-Poli et al. 2012) . This global deficit in ultra-high risk was replicated with a small but reliable effect size (Cohen's d = 0.30) for cognitive impairment averaged across 19 neuropsychological tasks (Seidman et al. 2016) . Further, individuals who endorse psychotic symptoms between ages 8-12 have a significantly lower predicted age based on their cognitive performance (Gur et al. 2014 ). This impairment is present at 8 years old, becomes even more pronounced after age 16, and is observed in all tested domains (executive function, memory, complex cognition, social cognition, and sensorimotor) with the biggest lag in complex cognition, which includes verbal reasoning, non-verbal reasoning, and spatial processing, and social cognition.
Ultra-High Risk Compared to First-Episode Schizophrenia
Cognitive ability in individuals at-risk for schizophrenia is globally impaired compared to healthy controls, but the magnitude of impairment is less than can be seen in patients who have recently experienced their first-episode of psychosis (Keefe et al. 2006; Simon et al. 2012) . Ultra-high risk participants have performed significantly better than first-episode subjects on all tasks (CPT, verbal recall, digit symbol, verbal fluency, and working memory) except for finger tapping on which they had similar performance (Keefe et al. 2006) . This intermediate impairment between controls and first-episode patients was replicated across all neuropsychological tasks in a separate analysis of ultra-high risk subjects (Hou et al. 2016) . Intermediate levels of cognitive impairment have also been observed in areas of visual working memory, verbal memory, executive functioning, visual spatial skills, and mental control (Goghari et al. 2014 ) (Liu et al. 2015) . Impairments similar to first-episode patients have been reported for sustained attention ) and relational memory (Greenland-White et al. 2017) . Overall, ultra-high risk participants demonstrate global impairments that are intermediate in magnitude between healthy controls and first-episode. That said, there may be domains that are impaired to the same degree as first-episode psychosis, even during the prodromal state, particularly in the domains of memory and attention.
Cognitive Deficits Based on Clinical Versus Familial Risk Definition of ultra-high risk is not uniform, and several studies have worked to parse out differences in cognitive ability based on the category of risk. For instance, verbal memory is significantly worse in individuals whose risk is defined based on clinical symptoms compared to those whose risk is defined based on family history (1 st degree relative with psychotic disorder) (Seidman et al. 2010) . Additionally, while their composite cognition scores were similar, their profiles of impairment differed; individuals with clinical risk showed deficits in executive functioning and verbal memory while individuals with familial risk had deficits in vocabulary and visuospatial skills. Children with a lower familial risk (only one affected 2 nd -degree relative) have cognitive scores similar to healthy controls, but those with higher familial risk (at least one affected 1 st degree relative or at least two affected 2 nd -degree relatives) demonstrate lower full-scale IQ, scholastic achievement, verbal comprehension, working memory, verbal memory, and executive functioning (Dickson et al. 2014) . When patients are stratified by the level of clinical risk, which may indicate different stages of the prodrome (Klosterkotter et al. 2001) , those identified as Bbasic symptom at-risk^had better working memory and verbal memory than those at ultra-high risk and first-episode subjects (Simon et al. 2007 ). Basic symptom participants showed cognitive performance worse than healthy controls but similar to other psychiatric controls who endorsed no psychotic symptoms, suggesting that cognitive deficits are attenuated, but present at this early prodromal stage.
Ultra-High Risk+ Compared to Ultra-High Risk-Longitudinal studies of ultra-high risk subjects allow for the comparison of cognitive ability between individuals who do and do not convert to a primary psychotic disorder, usually over the course of 1-3 years, providing clues about incremental risk and time course. Research suggests that ultra-high risk+ subjects (i.e., those who convert) demonstrate greater cognitive impairment than ultra-high risk-subjects (i.e. those who do not convert) (Keefe et al. 2006 ) (Seidman et al. 2010) , with some evidence of ultra-high risk+ subjects having cognitive deficits similar to first-episode participants, and ultra-high risk-subjects looking similar to healthy controls (Keefe et al. 2006) . Interestingly, the tests most impaired in the first-episode subjects, symbol coding and verbal memory, are the most impaired in the ultrahigh risk+ group (Seidman et al. 2010) , further suggesting that ultra-high risk subjects who will convert to psychosis demonstrate a cognitive profile similar to those with the illness. Meta-analysis has found that ultra-high risk+ individuals have significantly lower general intelligence, poorer verbal fluency, verbal and visual memory, and working memory compared to ultra-high risk-individuals (Fusar-Poli et al. 2012) . Greater impairments in working memory, attention, and worse declarative and verbal memory abilities can also differentiate ultrahigh risk+ from ultra-high risk-subjects (Lencz et al. 2006 ) (Seidman et al. 2016) . Finally, conversion to psychosis is associated with poor verbal memory and sustained attention (Seidman et al. 2010 ) (Keefe et al. 2006) . These longitudinal findings demonstrate that individuals at high risk who will ultimately develop a psychotic disorder are more cognitively impaired than individuals presenting with a similar level of risk, who do not develop a psychotic disorder within 1-3 years. Those who do convert look more similar to firstepisode patients, suggesting that the intermediate deficit discussed earlier may partially reflect the average of two groups (converters and non-converters). Of further interest is the potential importance of poor verbal memory and attention, both of which predicted conversion to psychosis and both of which were more impaired in first-episode psychosis than ultra-high risk on average.
More Specific Impairments in Ultra-High Risk Schizophrenia Broad domain-level deficits in ultra-high risk patients are clear, and growing research into this population is working to reveal more specific impairments. For instance, in the context of broad memory and IQ impairments, visual reproduction of a stimulus and story recall on a logical memory task have discriminated ultra-high risk+ patients from those who did not convert (Brewer et al. 2005 ) -an association not seen for other memory, attentional, or executive functioning tasks. Abnormalities in perceptual processing are also observed in clinical high risk patients, with deficits in visual form perception (Kimhy et al. 2007 ) and perceptual organization (Silverstein et al. 2006) . Perceptual processing abnormalities may contribute to, or possibly interact with, abnormalities in attributional bias in the ultra-high risk state , which is in turn related to paranoid symptoms. Unpacking executive dysfunction into Bcold^(e.g. working memory) and Bhot^(e.g. decision making) functions, there are specific relationship between Bhot^executive functioning (decision making ability) and psychotic symptom severity (MacKenzie et al. 2017) , suggesting that certain aspects of these broad cognitive domains are more critical for understanding relationships with current and impending psychotic experiences. Finally, specific analysis of latent inhibition, a learning process dependent on both attentional and perceptual resources, identified a deficit in latent inhibition in ultra-high risk individuals, indicating impaired ability to learn from past experiences to adjust expectations for future experiences (Kraus et al. 2016) . While not comprehensive, these findings, particularly those predicting conversion to psychosis and relationships with symptom severity, suggest the importance of unpacking deficits observed within neurocognitive domains.
Summary Together, these data suggest that prodromal psychosis is characterized by global cognitive impairment, with some specific risk associated with poor memory and attention during this stage. Individuals with a strong familial risk, more pronounced attenuated psychosis, and those who will ultimately convert to a psychotic disorder, demonstrate the greatest impairment in cognition on average. Cognitive deficits are reliably present at this stage of illness, with some data suggesting that deficits are similar in magnitude and pattern to those seen in first-episode psychosis.
Schizophrenia: First-Episode
Measuring cognitive ability in first-episode schizophrenia allows for the measurement of cognition prior to long-term treatment with anti-psychotics and prior to any potential degenerating process associated with the illness (e.g. Kirkpatrick et al. 2008) . Although definitions of Bfirstepisode^are variable, the phrase refers to the identification of individual who have recently transitioned to a primary psychotic disorder. The majority of first-episode subjects discussed in this review were tested following their index hospitalization, within 24 months of their first contact with psychiatric treatment for psychosis.
First-Episode Compared to Chronic Schizophrenia
Comparison of first-episode schizophrenia with chronic schizophrenia and healthy controls has been the primary question of interest for many studies, allowing researchers to assess whether cognitive deficits emerge through a degenerating process following first-episode psychosis, or are already present when the psychosis emerges. Meta-analysis of over 2,000 first-episode patients across 47 studies has revealed mediumto-large impairments in first-episode schizophrenia across 10 cognitive domains, with all tested domains revealing significant impairment (Mesholam-Gately et al. 2009 ). General cognitive ability had an effect size of -.91, demonstrating almost one standard deviation of overall cognitive impairment in first-episode schizophrenia. Areas of greatest impairment included immediate verbal memory (Cohen's d = -1.2) and processing speed (Cohen's d = -0.96). Motor skills exhibited the least impairment, but still represented a significant deficit compared to controls (Cohen's d = -0.64). The authors compared their results to those in chronic patients presented in Heinrichs and Zakzanis (1998) review. Chronic subjects were, on average, 9 years older, had greater illness chronicity, and had substantially longer duration of medication exposure, yet their impairments were similar to those observed in firstepisode subjects (chronic patients: Cohen's ds ranged from -.46 to -1.41). Verbal memory also represented the greatest deficit in chronic schizophrenia subjects (Cohen's d=-1.41) suggesting a stable profile of impairment across the illness course. Deficits in global cognitive impairment between first-episode and chronic schizophrenia remain similar when reducing methodological heterogeneity (e.g. medication use; McCleery et al. 2014) , as these groups exhibit comparable deficits in processing speed, attention or vigilance, verbal learning, visual learning, and reasoning and problem solving performance. In both groups, processing speed was approximately 0.5 standard deviations below their mean performance across all domains, revealing a more pronounced deficit in processing speed in both early and chronic stages of illness, against the backdrop of a generalized deficit.
Evidence is strong that first-episode schizophrenia patients demonstrate cognitive deficits similar to those observed in chronic stages, suggesting that duration of anti-psychotic medication use is not a potent contributor to cognitive impairment in schizophrenia. In fact, recent meta-analysis of medication-naïve first-episode patients found medium to large effect sizes in all cognitive domains compared to healthy controls, with the largest impairment in verbal memory, processing speed, and working memory (Fatouros-Bergman et al. 2014 ). These findings across 23 studies strongly support the presence of significant cognitive impairment in the early stages of psychosis that is independent of medication use.
Longitudinal Analysis of First-Episode Schizophrenia
Longitudinal studies of first-episode schizophrenia patients provide important insight into the trajectory of cognitive impairments into the chronic state. In general, these studies point to a stable cognitive profile in the years following a patient's first break. For instance, over two years, only 10% of a large cohort of first episode patients demonstrated decline or improvement in cognition, indicating that 90% of patients had stable cognitive functioning (Sanchez-Torres et al. 2017) . Over 10 years, in two independent studies, schizophreniaspectrum patients exhibited stable cognitive performance on all tests (Bergh et al. 2016; Rund et al. 2016) , even in the context of improved clinical symptoms. Duration of untreated psychosis was unrelated to cognitive performance (Rund et al. 2016 ). Global cognitive ability measured at first-episode therefore appears to reflect a patient's cognitive capacity during the chronic course, arguing against neurotoxic effects of schizophrenia.
Additional Cognitive Abnormalities in First-Episode Schizophrenia Large cognitive batteries, such as the MATRICS Consensus Cognitive Battery, provide standardized measurement of broad cognitive domains, but do not address a number of more specific aspects of cognitive performance. We therefore mention several more nuanced findings of cognitive ability in first-episode psychosis to provide a more complete picture. For instance, analysis of verbal learning in antipsychotic-naïve first-episode patients revealed significant impairment in both short and long-term memory recall (Hill et al. 2004) . Memory impairment was associated with reduced use of organizational strategies to facilitate retrieval of words, based on semantic similarities (e.g. animals), suggesting that first-episode patients' robust verbal memory impairment may, in part, be due to minimal use of memory-facilitating strategies that may be used by healthy controls. Another area of cognition not yet discussed is Jumping to Conclusions, a data-gathering bias measured as the amount of information needed for an individual to make a decision (McKay et al. 2006) . Jumping to conclusions studies typically ask participants to determine which jar colored balls are being pulled from, when revealed one-by-one, with jars of different color ratios (e.g. 80:20 vs. 60:40). When tested in first-episode schizophrenia, 49% of first-episode participants demonstrated the jumping to conclusions bias, compared to 26% of controls, which was a significant difference. Participant IQ and delusional severity were significant predictors of jumping to conclusions and both IQ and working memory ability were significantly lower in first-episode subjects who jumped to conclusions, compared to those who did not. These data suggest that cognitive impairment contributes to a cognitive bias, which is associated with more severe psychotic symptoms in early stages of psychosis. Finally, in a study on prospective memory, first-episode patients were significantly impaired on both cue identification (identifying when they observed a cue that signaled a to-be-performed action) and intentional retrieval (retrieval of the intended action from long-term memory following the specified cue; Liu et al. 2017) . Cue identification impairments remained after controlling for working memory and retrospective memory.
Summary First-episode schizophrenia is characterized by large deficits in overall cognitive ability. Analysis of specific cognitive domains reveals a similar pattern of impairment as seen in chronic schizophrenia, with comparable magnitude. Verbal memory and processing speed were most robustly impaired in first-episode patients, consistent with findings in both ultra-high risk and chronic stages (discussed below). These deficits are observed even in the absence of neuroleptics and prior to chronicity of illness, and therefore are not a byproduct of anti-psychotics or a result of degeneration as the illness progresses. Longitudinal studies suggest a stable cognitive profile following one's first break. Data therefore suggests that global cognitive deficits are a core feature of schizophrenia that are present in close to their final form at the firstepisode of psychosis.
Chronic Schizophrenia
At this point, there is no mystery regarding whether cognitive impairment is present in chronic schizophrenia. A robust and reliable cognitive deficit has been observed in up to 80% of patients with schizophrenia ) and a large literature has emerged working to elucidate the specificity of these deficits as well as their correlates. Here, we broadly review that literature.
Generalized Deficit As previously mentioned, in 1998, Heinrichs and Zakzanis produced a striking meta-analysis of cognitive deficits in schizophrenia (Heinrichs and Zakzanis 1998) . The data, analyzed across 204 studies and 22 cognitive variables, revealed an undeniable generalized deficit in chronic schizophrenia. Patients were significantly impaired for all cognitive variables compared to controls, with moderate-tolarge effect sizes. These deficits were not only large in magnitude, but appear relatively stable over time. For instance, no significant differences in cognitive ability have been found between patients aged 18-70, suggesting that schizophrenia is characterized by static impairments and that cognitive ability does not degenerate as part of the disease process (Goldberg et al. 1993) . Individuals who experience an unstable remission or are continually psychotic during the first year have lower overall cognitive scores than those who achieved remission, but this difference remains 10 years later (Rund et al. 2016) . In fact, illness remission in the first year was the only significant predictor of cognitive course, not duration of untreated psychosis, symptom scores, or medication use. It appears that at the start of the illness a general cognitive deficit is present, without strong evidence for a steep decline in the context of aging.
The generalized deficit is therefore a stable feature of schizophrenia and has been further characterized in multiple studies. Shared variance in cognitive ability across 17 cognitive domains is the best predictor of diagnostic group (schizophrenia or healthy control), explaining 63.6% of the diagnosis-related variance (Dickinson et al. 2008 ). This generalized deficit factor has been further replicated across patients well-characterized for schizophrenia, schizoaffective disorder, and bipolar disorder with psychotic features, revealing that a single-factor model is the best fit for characterizing cognitive ability in psychosis (Hochberger et al. 2016) . A common factor explained 53% of the variance in cognitive ability in schizophrenia and 50% in schizoaffective disorder, suggesting that the broad profile of cognitive impairment manifests as dysfunction shared across domains.
Specific Deficits Within the context of a robust generalized deficit, researchers have explored whether pockets of specificity can be observed. Processing speed and social cognition have been found to best distinguish patients from controls above and beyond the generalized deficit (Kern et al. 2011) . Furthermore, processing speed, visual learning, and attention or vigilance best distinguish patients with and without competitive employment, suggesting that impairments in these areas contribute to functional disability (Kern et al. 2011) . Processing speed, and even more specifically digit symbol coding, has been found to be particularly sensitive to impairments in schizophrenia, leading some to suggest that processing speed represents a specific deficit in schizophrenia that contributes to the generalized deficit (Dickinson et al. 2007 ). The sensitivity of digit symbol coding may be due to its reliance on multiple cognitive demands, including sustained attention, memory, motor speed, and strategy formation (Glosser et al. 1977 ). An analysis of digit symbol in schizophrenia revealed that, although patients are impaired on the test overall, they demonstrate difficulty in benefiting from predictable information about the target, suggesting that a deficit in relational memory fails to aid cognitive processing speed (Bachman et al. 2010) .
Of all the psychotic disorders and stages of illness, chronic schizophrenia has been most extensively studied for cognitive specificity, with consortium such as the Cognitive Neuroscience Test Reliability and Clinical Applications (CNTRACS) working to identify cognitive neurosciencedriven paradigms for investigating mechanism within broad cognitive domains . While a comprehensive description of findings is not within the breadth of this review, several findings stand out. Under the large umbrella of executive functioning is cognitive control, the ability to maintain goal representation in the service of performing a specific task. Chronic patients are impaired in cognitive control tasks (Barch et al. 2003 ) and more specifically demonstrate a reliance on reactive versus proactive cognitive control (Barch and Ceaser 2012) , indicating a Blate correction^for behavior as opposed to a preparedness and active maintenance of goals. Deficits in cognitive control have been related to disorganized symptoms of schizophrenia (Lesh et al. 2013) . Working memory is also a multifaceted construct, including encoding, visuospatial and verbal buffer systems, representation, and maintenance (Baddeley 2000) . Schizophrenia patients demonstrate deficits in all of these areas, making specificity challenging, however there is some suggestion that the encoding, representation, and maintenance of information are driving the observed working memory deficits (Barch and Sheffield 2014) . In addition to very early perceptual deficits in chronic schizophrenia, such as visual integration (Silverstein et al. 2012) , early task-dependent processes have recently been shown to be impaired in schizophrenia. More specifically, rapid instructed task learning, the ability to rapidly transfer task instruction into goal-directed behavior, is reduced in schizophrenia, suggesting impaired learning processes (Sheffield et al. 2018) . Again, this overview is sparse compared to the impressive literature on cognitive impairment in chronic schizophrenia, but provides insight into the rich application of cognitive neuroscience research to understanding the generalized cognitive deficit across the life course of schizophrenia patients.
Impact of Medications on Cognition
Associations between medications use, primarily anti-psychotics, and cognition has been of great interest to researchers, due both to their influence on the dopamine system (which is critical for cognitive functioning; Backman et al. 2010 ) and the hope that medications might improve cognitive ability in schizophrenia. In one of the most robust tests of this question, Keefe and colleagues tested whether medication influenced cognitive ability in 817 schizophrenia patients in randomized double-blind treatment trials for anti-psychotics (Keefe et al. 2007 ). Patients received one of four medications for 18 months and after two months there was a small (approximately d=0.20) but significant improvement in cognitive ability for all of the anti-psychotics tested. While cognitive improvement was stable after two years, all areas of cognition improved in those first two months, with no specificity for any cognitive domain. Small, but positive influence of anti-psychotic use on global cognition has also been observed in early psychosis patients taking either haloperidol or second-generation antipsychotics over six months (Davidson et al. 2009 ). While there is some suggestion that first-generation anti-psychotics have negligible if not adverse impact of cognitive performance (Elie et al. 2010) with second-generation anti-psychotics having a more positive impact (Kane et al. 1988 ), a recent meta-analysis found no global differences in cognition for first-versus secondgeneration anti-psychotics (Nielsen et al. 2015) . One major limitation in interpreting these findings is the impact of practice effects. Recently, practice effects were estimated to have an effect size of 0.18 using data from 813 psychotic disorder patients across multiple clinical trials ). This is a notably similar effect size to the previously reported change in cognition following two months of anti-psychotic treatment (Keefe et al. 2007 ) but is smaller than the medium effect sizes for medication effects reported by Davidson and colleagues (Davidson et al. 2009 ). Inclusion of healthy controls at each time point would help address the concern of practice effects, however neither study showing a positive effect of medications included a healthy comparison group. Overall, cognitive benefits of anti-psychotics in schizophrenia are mixed and modest at best (Hill et al. 2010) suggesting the need for adjunctive or alternative pharmacological treatments for meaningful improvement.
Summary Together, findings across the lifespan of schizophrenia widely suggest cognitive deficits that can be observed as early as childhood, are robust in ultra-high risk individuals who develop the disorder, and are stable and severe from the first-episode of psychosis throughout the remainder of the life course (Fig. 1) . While deficits in verbal memory and attention may be early markers of abnormal psychiatric development, there is less specificity at the chronic stage, with the strongest evidence pointing to particularly robust deficits in processing speed. Cognitive deficits are minimally impacted by antipsychotics and, as will be discussed in more detail below, contribute to the functional disability that takes such a large toll on this patient population. Cognitive deficits in schizophrenia appear to be neurodevelopmental in nature, and revelations about their development are a necessary step towards early intervention.
Bipolar Disorder Premorbid Cognitive Functioning in Bipolar Disorder
In comparison to premorbid cognitive function in schizophrenia, fewer studies have been conducted on premorbid cognitive deficits in bipolar disorder. Of these studies, even fewer have examined premorbid impairments associated with bipolar disorder with psychotic features (Daban et al. 2006) . In terms of research examining bipolar disorder in general (i.e., including bipolar disorder with and without psychotic features), studies largely fail to find evidence of significant premorbid cognitive impairments (Lewandowski et al. 2011a; Martino et al. 2015; Mollon and Reichenberg 2017; Parellada et al. 2017 ). For example, several studies failed to find premorbid IQ deficits among children and adolescents who subsequently developed bipolar disorder (Cannon et al. 2002; Sorensen et al. 2012; Zammit et al. 2004) . Furthermore, there is evidence that higher cognitive functioning is associated with the development of bipolar disorder (Tiihonen et al. 2005; MacCabe et al. 2013) . A significant limitation of the existing research is the lack of studies comparing bipolar disorder with and without psychotic features on premorbid cognitive functioning (Parellada et al. 2017) .
In contrast to premorbid cognitive function in bipolar disorder generally, a mild global cognitive impairment exists in individuals with bipolar disorder with psychotic features, including evidence that the presence of psychotic features may worsen IQ deficits (Daban et al. 2006) . In early onset bipolar disorder with psychotic features, research demonstrates premorbid IQ deficits (Paya et al. 2013) . Similarly, individuals at high-risk for schizophrenia who later develop bipolar disorder show global cognitive deficits (Olvet et al. 2010; Ratheesh et al. 2013) , and medium-sized impairments in processing speed and executive functioning are observed in the premorbid phase (Ratheesh et al. 2013) . Retrospective examination of premorbid cognitive functioning in individuals who later developed bipolar disorder with psychotic features identified intermediate impairment between schizophrenia and controls, with no significant differences between either group (Seidman et al. 2013 ). However, 22.9% of individuals in this study who developed bipolar disorder with psychotic features showed evidence of premorbid cognitive impairment. Yet several studies have failed to find premorbid IQ deficits in bipolar disorder with psychotic features (Guerra et al. 2002; Simonsen et al. 2011; Zanelli et al. 2010) . Mixed evidence also comes from a study finding that both low and high scholastic performance are associated with risk for developing bipolar disorder with psychotic features (MacCabe et al. 2010) . Taken together, research more consistently points to mild premorbid global cognitive impairments in bipolar disorder with psychotic features in comparison to premorbid cognitive function in bipolar disorder generally.
Comparison with Premorbid Cognitive Function in Schizophrenia
Research indicates that schizophrenia and bipolar disorder with psychotic features are distinguished by the degree of premorbid impairment, with schizophrenia showing more severe premorbid cognitive impairments than bipolar disorder ( Fig. 1 ; (Daban et al. 2006; Trotta et al. 2015) . Even among the studies finding premorbid cognitive impairments in bipolar disorder with psychotic features, these impairments are generally less severe than found in premorbid schizophrenia (Daban et al. 2006; Seidman et al. 2013; Kendler et al. 2016 ). Although schizophrenia is associated with greater premorbid IQ deficits than bipolar disorder in several studies (Simonsen et al. 2011; Zanelli et al. 2010) , others have failed to find this association (Olvet et al. 2010; Seidman et al. 2002) . Thus, while bipolar disorder with psychotic feature is more consistently associated with premorbid impairments than in bipolar disorder generally, these impairments are generally less severe than premorbid cognitive deficits in schizophrenia.
Mixed Findings on Premorbid Cognitive Function in Bipolar
Disorder Potential reasons for these mixed results regarding the presence of premorbid cognitive impairments in bipolar disorder include both small sample sizes as well as differing findings depending on how the sample (i.e., conscript, birth cohort, or high-risk) was collected (Daban et al. 2006; Trotta et al. 2015) . Furthermore, premorbid cognitive impairments in bipolar disorder may be restricted to individuals with earlier onset of the disorder (Parellada et al. 2017 ) and therefore more severe versions of the disorder (i.e., psychotic symptoms; earlier onset). One theory that potentially helps explain the limited evidence for premorbid cognitive deficits in bipolar disorder is termed the staging model, which theorizes that as symptoms of the illness arise, cognitive functioning deteriorates, and these cognitive deficits are compounded by the effects of number of episodes, life stress, and illness progression (Kapczinski et al. 2009 ). However, not all longitudinal studies of cognitive functioning in bipolar disorder support the notion of deteriorating cognitive functioning over the course of the disorder. Several studies have observed static cognitive deficit trajectories in the bipolar disorder (Samame et al. 2014; Bora and Ozerdem 2017; Martino et al. 2018) , and several studies demonstrate cognitive improvements after the first manic episode Torrent et al. 2018) . It is also plausible that premorbid cognitive functioning impairments in bipolar disorder are associated with specific genetic variants (Arts et al. 2013; Bryzgalov et al. 2018; Flowers et al. 2016 ) that may be associated with neural development (TabaresSeisdedos et al. 2008 ) and thus may not be present in all individuals premorbidly. Overall, the heterogeneity of findings regarding the presence of premorbid cognitive deficits in bipolar disorder during childhood and adolescence points to the necessity that future studies incorporate consistent methodology using large samples to better understand whether premorbid deficits exist in bipolar disorder.
First-Episode Bipolar Disorder
Deficits occur across the spectrum of cognitive domains early after the onset of bipolar disorder with psychotic features, including in samples of first-episode bipolar disorder with psychotic features (FEBP+) and recent onset psychosis diagnosed with bipolar disorder (Barrett et al. 2009; Dickerson et al. 2011; Reichenberg et al. 2009; Zabala et al. 2010 ). These cognitive impairments have generally been localized to attention, processing speed, verbal learning or memory, and executive functioning (Albus et al. 1996; Daglas et al. 2016; Demmo et al. 2016; Elshahawi et al. 2011; Hellvin et al. 2012; Trisha et al. 2017 ). There is also cumulating evidence for impairments in verbal memory and fluency early in the course of bipolar disorder, including in samples of FEBP+ (Albus et al. 1996; Daglas et al. 2016; Demmo et al. 2016; Elshahawi et al. 2011; Hellvin et al. 2012; Trisha et al. 2017) , majority (~70%) FEBP+ samples (Muralidharan et al. 2014; Torres et al. 2014) , samples with recent onset psychosis diagnosed with bipolar disorder (Ayres et al. 2007; Zanelli et al. 2010) , as well as samples of early onset bipolar disorder with psychotic features (McClellan et al. 2004) . Impairments in executive functioning are also consistently observed, with impairments demonstrated in FEBP+ (Albus et al. 1996; Daglas et al. 2016; Demmo et al. 2016; Elshahawi et al. 2011; Hellvin et al. 2012; Trisha et al. 2017 ) and majority (~70%) FEBP+ samples (Muralidharan et al. 2014; Torres et al. 2014) . Executive functioning impairments have been found most consistently in cognitive flexibility (Daglas et al. 2015; Trisha et al. 2017) , with these impairments correctly classifying the bipolar diagnosis of 80% of patients with first-episode psychosis (Pena et al. 2011 ).
Bipolar Disorder With and Without Psychotic Features
While research consistently indicates that FEBP+ is associated with cognitive impairments, there is a lack of consensus regarding the relative severity of FEBP+ impairments compared to other forms of bipolar disorder. For example, some studies indicate that FEBP+ has less severe cognitive deficits in comparison to multiple-episode patients (Elshahawi et al. 2011; Hellvin et al. 2012) , especially regarding attention and executive function (Elshahawi et al. 2011 ) and the presence of prior depressive episodes does not confer additional cognitive impairments (Muralidharan et al. 2014) . There is also mixed evidence regarding whether FEBP+ exhibits significantly greater impairments compared to bipolar disorder without psychotic features (FEBP-), with some studies demonstrating similar severity of neuropsychological deficits (Demmo et al. 2016; Lewandowski et al. 2011a; Trisha et al. 2017) , and others finding greater impairments in FEBP+ (Albus et al. 1996) . Thus, FEBP+, if anything, appears to be intermediate in severity between FEBP-and chronic bipolar disorder, although additional research should attempt to resolve disparities in these findings (Bora and Pantelis 2015) , including the effect of depressive symptoms on FEBP+.
Bipolar Disorder Compared to Schizophrenia
The majority of research indicates that first-episode schizophrenia shows greater cognitive impairments than FEBP+ ( Fig. 1 ; Dickerson et al. 2011; Mojtabai et al. 2000; Reichenberg et al. 2009; Woodward 2016; Zanelli et al. 2010 ). Firstepisode schizophrenia is associated with greater impairments on most cognitive measures, including measures of verbal memory, executive functioning, and processing speed (Barrett et al. 2009; Demmo et al. 2016; Hill et al. 2009 ). Yet there is some evidence for similar severity in deficits between schizophrenia and FEBP+ (Albus et al. 1996; Ayres et al. 2007; McClellan et al. 2004; Zabala et al. 2010) , especially in processing speed and attention (Albus et al. 1996; Dickerson et al. 2011) . Taken together, the synthesis of this research indicates that any differences in cognitive impairments between schizophrenia and FEBP+ are quantitative rather than qualitative in nature (Hill et al. 2009; Mojtabai et al. 2000; Pena et al. 2011; Reichenberg et al. 2009; Zanelli et al. 2010) .
Specific Deficits Nuanced studies of cognitive dysfunction in first-episode bipolar disorder with psychotic features is notably limited, as many studies including affective psychosis combine patient groups to study the broader category of Bfirst episode psychosis^. Impaired semantic verbal fluency has been observed in first episode psychotic bipolar patients in the context of intact cognitive functioning over a wide range of cognitive domains (e.g. processing speed, working memory, executive functioning: Kravariti et al. 2009 ). On an antisaccade task, increased error rates were observed in a large group of first episode psychosis patients, but when separated by diagnostic group, bipolar disorder patients did not demonstrate significant impairment, as this finding was largely driven by the schizophrenia group ). Finally, cognitive flexibility is an area of particular deficit in first episode psychotic bipolar disorder patients compared to bipolar patients without a history of psychosis (Trisha et al. 2018) . There is much room for growth in the understanding of specific cognitive deficits in first episode psychotic bipolar disorder. One limitation to studying first episode subjects is the difficulty in knowing whether a truly bipolar illness will manifest, as opposed to schizoaffective disorder or an affectivelycharged schizophrenia; however as larger longitudinal studies take shape, analysis of first episode bipolar disorder will help elucidate aspects of cognition more vulnerable to decline over the course of illness.
Summary While the findings point to significant mild to moderate cognitive impairments across a broad range of cognitive domains in FEBP+, questions remain regarding the contributions of several clinical variables to these cognitive impairments. For example, stable impairments in cognitive functioning after first-episode treatment have been observed (Demmo et al. 2017; Hill et al. 2009 ), while other research shows improvements after first-episode remission , including in one test of processing speed (Daglas et al. 2016) . These improvements are above-and-beyond practice effects observed in the comparative healthy control groups tested at similar time intervals, as reflected in significant group by time interactions. Several methodological issues may contribute to the heterogeneity of findings, including a lack of consistency regarding what is considered first-episode with psychotic features (Demmo et al. 2016) . As previously mentioned, these samples varied in inclusion criteria for first-episode, from a first manic episode with psychotic features (Demmo et al. 2016; Elshahawi et al. 2011; Trisha et al. 2017) , to first hospital admission for psychotic symptoms (Barrett et al. 2009; Pena et al. 2011; Zanelli et al. 2010) . Furthermore, samples varied on several characteristics, including active symptomology (versus remission), duration of illness, and the number of untreated depressive episodes.
Chronic Bipolar Disorder
In comparison to premorbid and first-episode cognitive functioning, by far the greatest amount of research has been conducted on chronic bipolar disorder. Similar to FEBP+, chronic bipolar disorder with psychotic features (CBP+) is associated with impairments across the gamut of cognitive domains (Bora 2017; Bora et al. 2010b; Vohringer et al. 2013) , especially in attention, executive function, and memory (Glahn et al. 2007; Jenkins et al. 2017; Ozdel et al. 2007 ). In comparison to FEBP+, more studies have examined domains of impairment specifically associated with psychotic features in chronic bipolar disorder, with some finding that verbal learning or memory and aspects of executive functioning may be specific trait markers of CBP+ (Bora et al. 2009; MartinezAran et al. 2008) , with these domains typically showing the largest effect sizes (Bora et al. 2010b) . Impairments in verbal learning or memory are typically seen in CBP+ (Bora 2017; Bora et al. 2009 Bora et al. , 2010a , with verbal memory impairment relating to global functioning, longer duration of illness, and a higher number of manic episodes (Martinez-Aran et al. 2004 ). However, verbal memory deficits may be a marker for bipolar disorder more generally, as opposed to specifically related to CBP+ (Aminoff et al. 2013; Bora et al. 2007 ).
There is also significant evidence for impairments in executive functioning in CBP+ (Bora et al. 2007; Ozdel et al. 2007; Selva et al. 2007) , and these impairments may be specific to those with psychotic features (Bora et al. 2007) . Two aspects of executive functioning implicated in CBP+ are cognitive flexibility (Bora et al. 2007; Savitz et al. 2009 ) and working memory (Bora 2017; Bora et al. 2010b; Glahn et al. 2007; Jimenez-Lopez et al. 2017; Kim et al. 2015) , although sometimes these impairments show modest (e.g.,Cohen's d=.29) effect sizes (Bora 2017; Jimenez-Lopez et al. 2017) . Working memory impairments in CBP+ may also be localized to more demanding working memory measures (Frydecka et al. 2014) . One study demonstrated that working memory impairments are specifically related to the presence of hallucinations (Jenkins et al. 2017 ).
Bipolar Disorder With and Without Psychotic Features
There is some empirical support for greater cognitive impairments in CBP+ in comparison to chronic bipolar disorder without psychotic features (CBP-). While a few studies that have found that CBP+ and CBP-show similar cognitive profiles (Ancin et al. 2013; Savitz et al. 2009 ), the majority of studies demonstrate more severe cognitive impairments in CBP+ as compared to CBP- (Bora 2017; Frydecka et al. 2014; Levy and Weiss 2010; Simonsen et al. 2011) . Importantly, more severe cognitive impairments in CBP+ exist in the domains of verbal memory/learning and executive functioning (Levy and Weiss 2010) , supporting the notion that mechanisms underlying CBP+ may be partially independent of those for bipolar disorder more generally (Glahn et al. 2007 ). Thus, the presence of a history of psychotic symptoms in bipolar disorder may represent either a more severe subtype of bipolar disorder (Simonsen et al. 2011) , or a separate nosological identity, as CBP+ is associated with a younger onset of illness (Bora et al. 2010b ) and poorer outcome (Bora et al. 2010a; Torres et al. 2007 ).
Bipolar Disorder Compared to Schizophrenia Schizophrenia shows greater cognitive impairments compared to CBP+ (Fig. 1) . Despite some evidence of similar performance across neurocognitive measures (Ivleva et al. 2012; Jimenez-Lopez et al. 2017) , studies generally find that schizophrenia is associated with greater cognitive impairments than CBP+ (Hill et al. 2013; Sperry et al. 2015; Kim et al. 2015; Sheffield et al. 2012; Vohringer et al. 2013) . For example, in comparison to 57.7% of psychotic bipolar patients, 84% of schizophrenia patients were cognitively impaired ). Yet as with FEBP+, even among studies finding more severe impairments in schizophrenia compared to CBP+ , most studies find that the groups differ in magnitude, but not pattern, but impairment (Barch and Sheffield 2014; JimenezLopez et al. 2017; Sheffield et al. 2012; Van Rheenen et al. 2016) .
Specific Deficits Investigation of specific deficits in psychotic bipolar disorder pales in comparison to the breadth of studies in chronic schizophrenia, but databases such as the Bipolar and Schizophrenia Spectrum on Intermediate Phenotypes (B-SNIP) are helping to fill this gap (Keshavan et al. 2011 ). For instance, in a task of context processing, psychotic bipolar patients demonstrated reduced target sensitivity and increase false alarms, largely due to impaired response inhibition (Reilly et al. 2017) , which was specific to bipolar patients compared to schizophrenia or schizoaffective disorder. In an executive function task of set-shifting, psychotic bipolar disorder patients had increased rates of regressing to a previously established response (i.e., regressive errors: Hill et al. 2015) . Importantly, while increased perseverative errors were also observed in psychotic bipolar disorder, only regressive errors remained a significant deficit after controlling for general cognitive ability, suggesting a specific deficit within the larger impairment of executive functioning. Within the realm of working memory, psychotic bipolar participants demonstrate impairment for high-demand, but not low-demand measures, suggesting intact working memory functioning that breaks down as demand increases (Frydecka et al. 2014) . Finally, in a study of dichotic listening, in which individuals had to focus attention on auditory stimuli in one ear or the other to guide behavior, psychotic bipolar patients were significantly impaired and demonstrated performance similar to patients with schizophrenia (Bozikas et al. 2014) . Interestingly, this impairment was present at the start and end of their hospitalization, indicating the presence of this cognitive deficit in the context of symptom improvement.
Summary Research generally points to cognitive impairments in CBP+ being trait-like features present even during periods of symptom remission (Bora et al. 2010b; Glahn et al. 2007 ). There is cumulating research that cognitive deficits in chronic bipolar disorder may be stable over time, including from elderly chronic bipolar disorder populations, which failed to find evidence substantiating accelerated cognitive decline (Schouws et al. 2012 ). However, more empirical studies need to be conducted specifically examining the longitudinal course of cognitive deficits in CBP+, as well as the contribution of several factors to cognitive impairment, including the contribution of chronic antipsychotic medication usage (Donaldson et al. 2003) . Overall, it appears that bipolar disorder with psychotic features is intermediate on the spectrum of cognitive impairment between bipolar disorder without psychotic features and schizophrenia, with evidence of increasing cognitive impairments, including in verbal abilities and executive functioning, as the disorder progresses from early to chronic stages (Fig. 1) .
Major Depressive Disorder, with Psychotic Features
In the United States, approximately 14% of individuals diagnosed with Major Depressive Disorder report psychotic experiences (Johnson et al. 1991) . Depression with psychotic features signifies individuals who endorse delusions or hallucinations during, but not independent of, a depressive episode. Although psychotic features are a diagnostic specifier in the DSM-5, there is debate about whether depression with psychotic features represents a distinct psychiatric disorder (Keller et al. 2007 ). Those with psychotic features have been found to experience more frequent and severe psychomotor abnormalities (Glassman and Roose 1981) , longer episodes of depression (Coryell et al. 1987) , and greater likelihood of depression recurrence (Aronson et al. 1988 ) compared to those with non-psychotic depression. An additional feature of psychotic depression that distinguishes it from nonpsychotic depression is the profile of cognitive impairment.
First-Episode Psychotic Depression
To our knowledge there is no research on individuals at high risk for psychotic depression or premorbid cognition functioning in psychotic depression. However, even at their firstepisode of psychosis, psychotic depression patients have deficits in full-scale IQ and demonstrate impairments in verbal learning, category fluency, and Trails B even after adjusting for IQ (Zanelli et al. 2010) . Across 16 tasks, effect sizes range from -0.2 to -0.9 compared with healthy controls, but psychotic depression's cognitive profile is comparable to individuals from other psychotic disorder groups, indicating a level of severity similar to first-episode schizophrenia (Zanelli et al. 2010 ). Hill and colleagues also observed a broad impairment in psychotic depression, in a small sample of antipsychotic naïve first-episode psychotic depression patients (Hill et al. 2004 ). Similar to schizophrenia, psychotic depression patients were impaired in all areas of cognition including visual memory, verbal memory, and spatial abilities.
Chronic Psychotic Depression
In more chronic stages of psychotic depression, a global deficit emerges. For instance, psychotic depression participants have been shown to be significantly impaired on tests of attention, working memory, executive functioning, verbal memory recall (both immediate and delayed), and delayed logical memory recall and recognition, although they demonstrate intact simple attention (Gomez et al. 2006) . Effect sizes between -0.82 and -1.86 have also been observed on Trails B, WAIS Vocabulary, WAIS Block Design, Stroop, Paragraph Recall Test, and immediate visual memory when compared to healthy controls (Schatzberg et al. 2000) . Although both studies had relatively small sample sizes (<30 in each group), these data support the notion that psychotic depression participants have a fairly generalized cognitive impairment in relation to non-psychiatric controls.
MDD With and Without Psychotic Features
Research in the field of psychotic depression has not only addressed cognitive ability compared with healthy subjects, but has also explored cognitive ability in psychotic depression compared with non-psychotic depression. This question works to isolate the contribution of psychosis to the cognitive profile, as individuals with non-psychotic depression also experience global cognitive impairment (Goodall et al. 2018) . One metaanalysis of five studies found that psychotic depression patients were impaired in all areas of cognition when compared to nonpsychotic depression (effect sizes ranging from -0.37 to -0.73: Fleming et al. 2004 ). Areas of cognition that revealed the strongest impairment in psychotic depression were verbal memory, executive functioning, and processing speed. A more recent meta-analysis that included 12 studies observed a significant global cognitive impairment in psychotic depression compared with non-psychotic depression, as calculated by a summary measure of effect sizes across all domains (Zaninotto et al. 2015) . Within the context of a global impairment, significant specific deficits in verbal learning, visual learning, and processing speed were observed. Overall, these meta-analyses reveal that the presence of psychosis in depression contributes to greater cognitive impairment than the experience of depression without psychotic features.
Further analysis of psychotic depression compared with non-psychotic depression has revealed the impact of medication use and cortisol on cognitive impairment. For instance, the Zaninotto meta-analysis found a greater global impairment in drug-free psychotic depression than was observed in the whole psychotic depression sample, suggesting that untreated psychotic depression is associated with greater cognitive impairment than psychotic depression that is treated with medications (Bmedications^varied across studies and included anti-depressants, anti-psychotics, mood stabilizers, and anxiolytics). This finding may also be influenced by anti-depressant use in the medicated patients, as anti-depressants have a modest, positive effect on a wide range of cognitive domains (e.g. processing speed, attention, memory) (Prado et al. 2018 ). Gomez and colleagues (Gomez et al. 2006 ) measured cortisol levels in psychotic depression, non-psychotic depression, and healthy participants and analyzed whether cortisol levels were associated with cognitive functioning (Gomez et al. 2006 ). This investigation was based on previous research revealing associations between higher cortisol and lower cognitive ability in depression (O'Brien et al. 1996) as well as hyperactivity of the hypothalamic-pituitary-adrenal (HPA) axis in psychotic depression (Belanoff et al. 2001 ) -a biological system that regulates the production of cortisol. Psychotic depression participants performed significantly worse than non-psychotic depression participants on measures of working memory, executive functioning, processing speed, and verbal memory. Cortisol levels were found to be elevated in psychotic depression and correlated negatively with verbal memory and processing speed across all subjects. This finding was recently replicated and extended to implicate genetic variation in psychotic depression as a mechanism for the relationship between cortisol and cognitive performance (Keller et al. 2017 ).
Summary
Although more work is needed, current evidence in psychotic depression reveals a broad profile of cognitive impairment when compared to both healthy subjects as well as patients with non-psychotic depression (Fig. 2) . There is some suggestion from meta-analyses that processing speed, verbal memory, and executive functioning are most impaired in the context of psychotic depression. The majority of studies match psychotic depression and non-psychotic depression participants on endogenous depressive symptoms, reducing the likelihood that the more severe cognitive impairment observed in psychotic depression is due to more severely depressed mood. In fact, in DSM-5, severity of depression and presence of psychotic features have been separated, reflecting that psychotic symptoms are not simply a manifestation of exceptionally depressed mood. Instead, psychotic features in the context of depressed mood are associated with a broad cognitive impairment that is present at the first-episode of psychosis, is potentially less severe with appropriate treatment, and may be related to elevated cortisol.
Psychotic-Like Experiences
A small literature exists on cognitive deficits in individuals who endorse psychotic-like experiences. These individuals exemplify how conceptualization of symptoms as dimensional can yield richer understanding of brain-behavior relationships. Psychotic-like experiences are often self-reported experiences of perceptual abnormality or reality distortion in the general population that, by definition, cause minimal functional difficulties (van Os et al. 2009 ). Due to the robust findings of cognitive impairment in primary psychotic disorders, researchers have started investigating cognitive functioning in those who endorse psychotic-like experiences.
In one of the first studies to directly ask whether cognition is intact in individuals who endorse psychotic-like experiences, Barnett and colleagues (Barnett et al. 2012 ) utilized a population-based sample in Great Britain of 2918 participants (Barnett et al. 2012) . Of those, 22% reported psychotic-like experiences at age 53, and those who reported psychotic-like experiences had poorer childhood cognitive test scores at ages 8 and 15. Cognitive deficits were also associated with greater general health problems as reported on a self-report questionnaire at age 53, however this association was not significant after controlling for psychotic-like experiences, suggesting that childhood cognitive deficits are a specific risk factor for the experience of psychosis in adulthood. Presence of subclinical psychosis has been associated with processing speed deficits as measured by the digit symbol task (Rossler et al. 2015) . In data from the Human Connectome Project, 21.6% of individuals endorsed at least one psychotic-like experience, and psychotic-like experiences were significantly negatively associated with general cognitive ability, replicating previous findings (Sheffield et al. 2016) . Further, individuals who endorse symptoms of schizotypy in the general population have below average cognitive performance (Dinn et al. 2002) (Park et al. 1995) .
Research in psychotic-like experiences, although in a relatively early stage, suggests that cognitive impairment can be observed even in individuals from the general population who experience subtle, non-impairing psychotic experiences. These data support the research domain criteria conceptualization of psychosis-risk as being related to dimensional impairments in global cognitive functioning.
Functional Implications for Cognitive Impairment in Psychotic Disorders
A primary interest for understanding cognitive deficits across the psychosis spectrum is understanding their role in functional impairment. Functional limitations are a critical facet of diagnosing a mental health disorder, and psychotic disorders are among the most disabling (Rossler et al. 2005) , causing significant burden to families and society at large (Ohaeri 2003) . Understanding illness-related factors that contribute to functional disability is of great interest, as it carries the hope of specific interventions to support patients in achieving greater independence. Somewhat surprisingly, severity of positive psychotic symptoms is minimally associated with functional outcome (e.g Tabares-Seisdedos et al. 2008) , suggesting that delusions and hallucinations are not the primary barrier to work and social functioning. In fact, of those who were admitted to a hospital for first-episode psychosis, 65% of those who achieved syndromal recovery (i.e. resolution of symptoms) failed to achieve functional recovery (Tohen et al. 2000) . Instead of pointing to symptom resolution as a marker of functioning, research consistently demonstrates a critical role of cognitive deficits in functional capacity.
Cognition and Function Status in Schizophrenia
Relationships between functional outcome and cognitive ability can be seen even in individuals at high-risk of developing psychosis, suggesting they shape the trajectory of that individual's capabilities prior to disease onset. Poor verbal memory has been associated with poor concurrent social functioning in ultra-high risk individuals (Niendam et al. 2006) as well as poor functional outcome 3-5 years (Carrion et al. 2013 ) and 13 years (Lin et al. 2011 ) after assessment of memory. Processing speed, attention, and verbal fluency measures at baseline also predict functioning several years later (Carrion et al. 2013; Lin et al. 2011) , both in the realms of social functioning and role functioning. In first-episode psychosis, patients considered to have Bgood^premorbid adjustment show better overall cognitive functioning ; however premorbid functioning is not a perfect predictor of psychotic disorder status, as 40% of ultra-high risk subjects identified as Fig. 2 Illustration of cognitive deficits in MDD patients with and without psychotic symptoms, compared with controls (shown as effect size of 0). While nonpsychotic MDD patients demonstrate deficits in cognition, those with psychotic symptoms exhibit even greater deficits in all areas of cognition. This pattern suggest that the presence of psychosis contributes to greater cognitive impairment. Estimates based on data from (Bora et al. 2013; Rock et al. 2014; Zaninotto et al. 2015) having poor functional outcome did not transition to having a primary psychotic disorder (Carrion et al. 2013) .
In chronic schizophrenia, cross-sectional work has also revealed associations between cognitive capacity and current functioning. For instance, functional capacity as measured by a performance-based skills test is associated with relational memory, cognitive control, and processing speed abilities, while verbal memory is associated with self-reported functioning . Associations between cognitive performance and real-world functioning appear to be mediated by functional capacity. Patients with poor cognitive ability have poorer functional capacity, which predicts more impaired real-world functioning in three areas (interpersonal skills, work skills, and community activities; Bowie et al. 2006) . Therefore, cognitive deficits in schizophrenia appear to contribute to functional impairment through deficits in the ability to perform skills of daily living.
Longitudinal studies have further exposed cognitive capacity as a robust predictor of future functional outcome. A review of longitudinal studies from Green and colleagues (Green et al. 2004 ) described medium effect sizes (Cohen's d=.50) for the relationship between cognitive constructs and functional outcome in schizophrenia (Green et al. 2004) . In these studies, cognitive ability predicted the rate of improvement in work performance (Bell and Bryson 2001; Bryson and Bell 2003) , change in social and community outcomes (Dickerson et al. 1999 ) and the number of hours worked 12 and 24 months after cognitive testing (Gold et al. 2002) . Baseline cognition predicted activities of daily living (ADLs) four years later, and change in cognition was related to change in ADLs. Further, attention, working memory, and verbal fluency predicted community outcome, as measured by work/school functions and independent living (Jaeger et al. 2003) . The relatively stable cognitive deficits observed in schizophrenia are therefore predictive of functional outcomes in a range of areas, including work, social functioning and independent living across the course of illness.
Cognition and Functional Status in Affective Psychosis
Cognitive deficits also have functional implications in affective disorders, although few studies have investigated this association in affective psychosis specifically. In bipolar disorder generally, social functioning deficits are associated with deficits in planning and problem solving, suggesting a role of executive difficulties in problems with daily living (Laes and Sponheim 2006) . Change in cognitive scores over the course of one year predicted functioning changes over that follow-up period, as did the overall deficit in processing speed (TabaresSeisdedos et al. 2008) . Interestingly, the majority of studies assessing cognition and functioning in bipolar disorder have implicated verbal memory as a particularly strong predictor of functional outcome (Sanchez-Moreno et al. 2009 ). For instance, across 12 studies, 50% of them revealed verbal memory ability as a significant predictor of psychosocial functioning, and in several of those studies, verbal memory was the only cognitive domain associated with functional outcome (Wingo et al. 2009 ). Additionally, low-functioning euthymic bipolar patients had significantly lower verbal memory and executive functioning compared to high-functioning bipolar patients ). In a study on depression, patients whose cognition worsened from baseline to 6-month follow-up represented those patients who remained significantly disabled at 6-months (Jaeger et al. 2006 ), although it is unclear how many of those patients suffered from psychotic symptoms.
Cognitive deficits across the psychosis spectrum have critical implications for patients' ability to function in their daily life. In all psychotic disorders, cognitive deficits are associated with poor current functioning, but also predict functional outcome up to 13 years later. The longevity and predictability of these functional impairments may not be surprising, given the chronicity and stability of cognitive deficits across the course of illness. The presence of cognitive deficits prior to first-episode, and association between those early cognitive abilities and functioning, further highlights the importance of intervening on cognitive impairment early, to help these individuals achieve and maintain a higher lifetime level of functioning.
Discussion
In this review, we outline decades of research indicating the presence of cognitive deficits in psychotic disorders across the life course. Considering these findings as a whole, we document robust, reliable, and stable cognitive impairment in chronic psychosis, regardless of affective status, suggesting that psychotic disorders are incontrovertibly associated with cognitive dysfunction (Fig. 1) . Differences among diagnostic categories emerge when considering timing and magnitude, and possibly specificity, although the data is somewhat mixed. In schizophrenia, IQ deficits are observed during childhood, become more severe during adolescence, and reach a stable level of impairment (approximately 1 standard deviation below the norm for global cognition) by the first-episode of psychosis. This general impairment remains consistent during the chronic state, contributes to functional impairment, and is minimally influenced by psychiatric medications. In affective psychosis, there is some evidence of mild global impairment during childhood (particularly for those later developing psychotic bipolar disorder), but these premorbid impairments are less severe than in schizophrenia. By the first-episode of psychosis, bipolar and depression patients demonstrate a global deficit similar in pattern to schizophrenia, but less severe in magnitude (Fig. 1) . In schizophrenia, there is some evidence of specific impairments in verbal memory and processing speed, while affective psychosis may demonstrate greater impairment in the domains of verbal memory and executive functioning; however these deficits exist in the context of a generalized deficit across all psychotic disorders and even in those experiencing psychotic-like experiences.
Covariation Between Cognitive Deficits and Psychotic Symptom Severity
Surprisingly, despite the clear co-occurrence of psychotic symptoms and cognitive impairment, there is little evidence to suggest that severity of psychotic experiences is directly associated with severity of cognitive deficits (e.g. Bell et al. 1994; Heydebrand et al. 2004 ). Global IQ, as well as performance on tasks of cognitive flexibility, verbal fluency, and processing speed, do not demonstrate significant linear associations with positive symptoms, suggesting that those with more frequent and severe delusions and hallucinations are not those also experiencing the worst cognitive impairment (Bell et al. 1994; Berman et al. 1997 ) (Heydebrand et al. 2004 ). The lack of association between severity of cognitive and psychotic symptoms is elusive, and diminishes the frequent assumption that presence of psychotic symptoms impairs performance on cognitive tasks. Instead, data suggests that negative symptoms are more closely related to cognitive ability (Berman et al. 1997; Heydebrand et al. 2004; Harvey et al. 2006) , as well as functional outcome (Evans et al. 2004) , possibly related to impaired reward processing (Barch and Dowd 2010) , although these data are largely specific to schizophrenia. While it is not in the scope of this review to explore mechanism, the lack of relationship between psychotic symptoms and cognitive impairment is notable. The timing of when these symptoms arise may provide some insight into their relationship, as cognitive impairment in schizophrenia appears prior to onset of psychotic symptoms, suggesting that presence of positive symptoms does not directly cause cognitive impairment.
Non-Affective Versus Affective Psychosis
When considering timing of cognitive and psychotic symptoms, there is a notable discrepancy between affective and non-affective disorders. Schizophrenia patients demonstrate a fairly reliable deficit in IQ during childhood, well before their first-episode of psychosis. Bipolar and depression patients, however, appear to develop cognitive deficits closer to their first-episode, showing much less robust premorbid impairments. These differences in cognitive development have contributed to two hypotheses: 1) that schizophrenia is a disorder of neurodevelopment, and 2) that bipolar disorder takes a neurodegenerative course (Lewandowski et al. 2011b ). These hypotheses are further bolstered by the fact that first-episode bipolar patients demonstrate less impaired cognition than firstepisode schizophrenia, but in the chronic state, these differences are not as strong. Differential timing of cognitive impairment provides a marker of different disease states, and begs the question of whether the mechanism that causes or contributes to cognitive impairment in both affective and non-affective psychosis is the same, just with different timing, or whether cognitive impairment is simply a shared phenotype with distinct etiologies. Working to elucidate this question are largescale studies such as the Philadelphia Neurodevelopmental Cohort (Gur et al. 2014) , which addresses early development of psychotic disorders, and the Bipolar and Schizophrenia Network on Intermediate Phenotype (B-SNIP: Hill et al. 2013) , which includes large cohorts of chronic patients with both affective and non-affective psychosis. Studies of this nature allow for the continued analysis of differential and shared phenotypes, including possible neurobiological mechanisms underlying cognitive impairment across the psychosis spectrum.
Improving Cognitive Function Across the Spectrum of Psychotic Disorders
Finally, given the clear presence of cognitive deficits across the psychosis spectrum, and its contribution to functional impairment, how can cognition be improved? As noted earlier, anti-psychotic medications have minimal efficacy in improving cognitive ability (Nielsen et al. 2015) , leading many to consider non-pharmacological alternatives. Cognitive remediation is the leading avenue of research, in the hopes that systematic training in cognitive tasks might improve cognitive functioning. To date, the results are mixed. In chronic patients, meta-analysis reveals small to moderate improvement in global cognition, which appears stable over follow-up (Wykes et al. 2011) . Cognitive remediation is most effective when adjunctive rehabilitation support is provided, particularly with supportive, as opposed to drill and practice, remediation protocols. In first-episode patients, meta-analysis demonstrates smaller, non-significant effect sizes for general cognition, possibly due to a small number of trials with fewer participants than is seen with chronic subjects (Revell et al. 2015) . Cognitive remediation is getting more attention for use in bipolar disorder (Miskowiak et al. 2018 ), but current results on efficacy are mixed (Demant et al. 2015; Bonnin et al. 2016) . In general, cognitive remediation represents an important avenue of continued research, and more data is needed in ultra-high risk subjects to assess efficacy of remediation on buffering the effects of first-episode psychosis. Combination of cognitive and functional remediation is also a promising direction (Torrent et al. 2013) , providing a more comprehensive approach to cognitive and functional improvement. Lastly, there is also a growing body of research examining the effects of aerobic exercise on cognitive function in psychosis (Falkai et al. 2017; Firth et al. 2017; Su et al. 2016 ).
This research suggests that regular aerobic exercise improves global cognition in schizophrenia, possibly through the mechanism of increased brain volume, particularly within the hippocampus. The most effective duration, frequency, and type of exercise is still being investigated, as is the persistence of cognitive improvement following completion of the exercise intervention.
Summary
Cognitive impairment is a dimensional phenotype present across the psychosis spectrum. Although not linearly related in terms of severity, there is no doubt that the presence of or vulnerability to psychotic experiences confers risk for cognitive deficits. In terms of development, schizophrenia patients exhibit cognitive impairment during childhood that continues to decline, and then stabilize, during the chronic state. Bipolar patients, on the other hand, demonstrate minimal impairment early on in the life course, but show deficits by the first-episode, that appear to worsen as the disease progresses. Across psychotic disorders, a global deficit is present, with impairments apparent in nearly all areas of cognition. Assessment of domain specificity within psychotic disorders, on a backdrop of global impairment, reveals the largest deficit in processing speed in schizophrenia (e.g. Dickinson et al. 2007 ) and executive functioning in bipolar disorder (e.g. Bora et al. 2010b ) as well relatively greater impairment in verbal memory across all groups (Mesholam-Gately et al. 2009; Daglas et al. 2016; Gomez et al. 2006) . Research on associations between psychotic symptoms and cognitive impairment, differential developmental mechanisms across affective and non-affective psychosis, and treatment options for cognitive impairment are important steps for improving the lives of individuals with psychosis.
